with high-quality geodetic GNSS receivers. The design of the buoys was particularly suited to 
The second buoy, B2, is located in a small lake near a channel junction with a hydraulic 148 connection to a major channel. This location was selected because at the end of the flood 149 season often a reversal of the dominant flow direction can be observed. The initial plan was to 150 place the buoy directly at the channel junction in order to observe this phenomenon. However, 151 due to the limited channel width and the frequent ship traffic, the buoy had to be moved into 152 the lake. Figure 3 shows the positions of the buoys, the base station and the reference gauging 
Data processing

157
For the processing of kinematic GNSS buoy data two different approaches exist: precise point 158 positioning (PPP) and differential (baseline) solutions. To obtain elevation data, in this study 159 the more precise differential GPS solution computing the baseline from a reference station 160 was preferred to obtain the highest accuracy possible. For this purpose we installed a fixed 161 reference GPS station in the investigation area (Fig. 3) . The antenna of the reference station 162 was fixed on the banister of the flat roof of a building, which is the highest in the vicinity.
163
However, there are some palm trees growing higher than the antenna nearby. On the roof 164 there is also a steel water tank, which is might deter the quality of the recorded GPS signals.
165
The base station was coordinated through a long-term static GPS observation and referenced (L1 and L2) with a fixed ionosphere-free solution. The elevation cutoff angle was set to 10°.
183
The datum of T1 was also determined relatively to the base station by GPS using static Nevertheless, the processed data show the same characteristics as the reference station T1
199
( Fig. 4) , despite noise and unresolved cycle slips. We therefore developed a three step 
Intermediate data smoothing and subsampling
In a second step the GPS raw data was smoothed by a 15 minute average moving window.
220
The smoothing was performed bi-directionally over the time series in order to prevent phase 221 shifts. From this smoothed series individual records were subsampled at 15 minute intervals.
222
The result of this operation is shown in Figure 4 . After the subsampling all the obtained 15 223 min interval time series covering 6 hours each were concatenated to a water level series 224 covering the whole observation period. The 15 minute time series still contains noise, which has to be removed from the series. B1 and T1, the lack of other reference data, missing movement sensors in the buoy and the 265 complex hydraulic system it is hard to quantify the individual error contributions exactly.
266
However, some estimations and sensitivity analysis were performed. 
274
The heave of the buoy is likely to be influenced by the flow velocity of the river. In general,
275
with higher flow velocities the buoy is likely to dip deeper compared to low flow velocities.
276
As the buoy overestimates the tide induced amplitudes, this effect may contribute to the 
Data evaluation -buoy movement
312
In addition to the buoy derived altimetry the precise GPS positioning of the buoycan be used and out-flowing currents in the small lake where the buoy is moored (Fig. 3) . However, only 323 the dominant diurnal low tides significantly change the flow in and out of the lake, i.e.
324
outflow of the lake is associated with the diurnal low tide. hours. Figure 11a shows the resulting 15 min time series. The series exhibits a tidal signal 336 that, in contrast to the water level, has only a single peak with a significant period of 1 day.
337
This is shown in the wavelet power spectrum in Fig. 11b and the global wavelet spectrum in order to obtain data with acceptable precision.
407
In perspective of operational use and improved handling of the buoys, their technical 408 infrastructure will be extended by remote access and control, and online data transfer B1 raw GPS data B1 2sec filter step1 T1 B1 15min filter step2 B1 15min filter step3 Figure 5 Step 1:
Automatic error detection and removal (wavelet analysis)
Step 2:
smoothing and reduction (moving window mean, subsampling)
Step 3 
